Demonstration of the activation of prodrug CB 1954 using human DT-diaphorase mutant Q104Y-transfected MDA-MB-231 cells and mouse xenograft model.
The rat form of DT-diaphorase (NAD(P)H: quinone acceptor oxidoreductase; EC 1.6.99.2) is more effective than the human form in activating prodrugs such as CB 1954 (5-(aziridin-1-yl)-2,4-dinitrobenzamide). Our site-directed mutagenesis study has revealed that residue 104 (Tyr in the rat enzyme and Gln in the human enzyme) is an important residue responsible for the catalytic differences between the rat and the human enzymes in the activation of CB 1954 (S. Chen et al., 1997, J. Biol. Chem. 272, 1437-1439). The human mutant Q104Y is capable of reducing CB 1954 at a rate identical to that of the wild-type rat DT-diaphorase. In the present study, we prepared both the wild-type human DT-diaphorase- and the mutant Q104Y-expressing MDA-MB-231 breast cancer cell lines using the cDNA transfection method. The MDA-MB-231 cell line is homozygous for a P187S mutation in the DT-diaphorase gene and has no detectable DT-diaphorase activity. Stable clones for the wild-type transfected cells had the DT-diaphorase activity ranged from 0.1 to 3.8 micromol of DCIP reduced/min/mg of protein and the clones for Q104Y transfected cells had the activity ranged from 0.06 to 1.58 micromol of DCIP reduced/min/mg of protein. Furthermore, in contrast to the cells transfected with only expression vector that were not sensitive to CB 1954 treatment, the wild-type and Q104Y-expressing cells were capable of the reductive activation of CB 1954, resulting in cell eradication. Our data showed that cell killing by CB 1954 followed a dose and incubation-time dependent manner. It was also found that the cell survival upon the treatment of CB 1954 was related to the expressed DT-diaphorase activity in these cells. In the presence of 75 microM CB 1954, a 50% cell killing was achieved in cells containing Q104Y and the wild-type DT-diaphorase with the activity at approximately 0.67 and 3.8 micromol of DCIP reduced/min/mg of protein, respectively. These results agree well with those of the in vitro enzyme assays that show that Q104Y is significantly more active than the wild-type DT-diaphorase in the activation of CB 1954. Finally, the in vivo activation of CB 1954 was demonstrated with a nude mouse model using Q104Y-transfected MDA-MB-231 cells. These studies reveal that DT-diaphorase can activate CB 1954, and human Q104Y mutant enzyme is more active than the wild-type enzyme in the intracellular reductive activation of CB 1954.